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1 INTRODUCTION  
During severe weather events turbidity levels in raw water sources are often untreatable by conventional 
methods using chemical coagulants followed by slow sand filters (SSF) or rapid sand filters.  In many cases 
turbidity in excess of 500 NTU have led to the shutdown of water treatment processes. Geosynthetic mate-
rials layered to form a pre-filter can be a simple method of protecting slow sand filters and other filter media 
from high turbid waters encountered during severe weather events.   
 
Previous research in the area of pre-treatment have shown that roughing filters such as gravel filters, 
horizontal flow roughing filters and a recent development known as a pebble matrix filter (PMF) have been 
successful to some degree in protecting unit processes within a water treatment plant (Rajapakse & Ives, 
1990).  Through the use of geotextiles there is a potential for the filter run times of slow sand filters to be 
extended significantly, a feature that is of vital importance for highly turbid water sources.   
 
Geosynthetic materials have been extensively used for soil retention and dewatering in geotechnical 
applications and little research exists for the application of turbidity reduction in water treatment plants 
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ABSTRACT: The importance of clean drinking water in any community is absolutely vital if we as the 
consumers are to sustain a life of health and wellbeing.  Suspended particles in surface waters not only 
provide the means to transport micro-organisms which can cause serious infections and diseases, they can 
also affect the performance capacity of a water treatment plant. In such situations pre-treatment ahead of 
the main plant is recommended. 
 
Previous research carried out using non-woven synthetic as a pre-filter materials for protecting slow sand 
filters from high turbidity showed that filter run times can be extended by several times  and filters can be 
regenerated by simply removing and washing of the fabric ( Mbwette and Graham, 1987 and Mbwette, 
1991).  Geosynthetic materials have been extensively used for soil retention and dewatering in geotechnical 
applications and little research exists for the application of turbidity reduction in water treatment.  With the 
development of new materials in geosynthetics today, it was hypothesized that the turbidity removal effi-
ciency can be improved further by selecting appropriate materials. 
 
Two different geosynthetic materials (75 micron) tested at a filtration rate of 0.7 m/h yielded 30-45% 
reduction in turbidity with relatively minor head loss.  It was found that the non-woven geotextile Propex 
1701 retained the highest performance in both filtration efficiency and head loss across the varying turbidity 
ranges in comparison to other geotextiles tested. With 5 layers of the Propex 1701 an average percent re-
duction of approximately 67% was achieved with a head loss average of 4mm over the two and half hour 
testing period.  Using the data collected for the Propex 1701 a mathematical model was developed for 
predicting the expected percent reduction given the ability to control the cost and as a result the number of 
layers to be used in a given filtration scenario. 
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when used in conjunction with SSF and other filtration methods.  Recently geosynthetic materials coupled 
with granular filtration have been investigated for their viability in wastewater treatment with some success 
(Yaman, et al., 2006).  
 
Geosynthetics have also found uses in environmental applications particularly in areas under going leachate 
flow conditions.  The suitability of new generation geosynthetic materials is dependent on availability from 
manufacturers, removal efficiency and cost.  Therefore the removal efficiency and cost of some readily 
available geosynthetic materials were investigated with laboratory experiments to determine their applica-
bility in potable water treatment applications. 
2 GEOTEXTILES 
Geotextiles generally fall into two categories, ‘Woven’ and ‘Nonwoven’. In nonwoven geotextiles, 
openings or pores form pipe networks through the matrix of the material which allow water to flow through.  
This is largely due to nonwoven geotextiles being formed by a random placement of threads (Koerner, 
2005) which in turn creates irregular piping through the matrix of the material, allowing particles to settle 
and be trapped within the fabric.   
 
Geotextiles over the last 30 years have seen major improvements in manufacturing processes which have 
led to the use of a variety of polymers maximizing the potential applications.  Geotextile materials, when 
selected appropriately, allow for the replacement of traditional granular filter and drainage layers, providing 
a significant environmental and economic benefit (Global Synthetics, 2013).  The extrusion of polymer 
fibers are either thermally bonded, resin or stapled and in some cases needle punched to form a stable layer 
of non-woven geotextile.  This manufacturing process for non-woven geotextiles allows for very small pore 
opening sizes and a pipe network that is varied in constrictions.  The complex structure of modern non-
woven geotextiles provides for the retention of fine particles without reducing the permeability requirement 
of filters (Huang & Gao, 2004). 
 
Previous research carried out using non-woven synthetic materials for protecting slow sand filters from 
high turbidity showed that layers of fabric placed on top of slow sand filters can extend filter run times by 
several times  and filters can be regenerated by simply removing and washing of the fabric ( Mbwette and 
Graham, 1987 and Mbwette, 1991). 
 
Woven Geotextiles are more prone to instantaneous clogging due to a build-up of captured solids on the 
initial contact surface (Mulligan, et al., 2009).  The woven geotextiles tend to not have an irregularity in 
piping and for effective filtration the pore size should be smaller than the coarsest particles being filtered 
which results in caking of the initial contact surface in a short period of time and eventually clogging.   
 
Nonwoven geotextiles have been shown in various investigations to perform well for filtration purposes, 
some even reporting significant reductions in turbidity.  They have also been proven (Mulligan, et al., 2009) 
to outperform both woven geotextile filters and sand filters in removing contaminated suspended solids, 
reporting turbidity reductions in the range of 93% - 98%. Furthermore Maheshwari and Gunjagi (2007) 
demonstrated through filtration tests that nonwoven geotextiles surpassed its woven counterpart in the re-
moval of clayey particles. 
 
An investigation into predicting the clogging effect of non-woven geotextiles presented by Faure et.al 
(2006) revealed an optimum apparent pore opening size for water treatment application would be in the 
range of 48µm -74µm with a porosity of approximately 80%. A variety of non-woven geotextiles were then 
sourced based on their availability and apparent pore opening size as close as possible to this range.  This 
optimum range would sustain acceptable head losses and permeability.  As a result two types of non-woven 
geotextiles that are readily available were sourced and their performance in reducing the turbidity levels of 
a raw water source was analyzed.  Experiments were conducted in two phases, first using a simple desktop 
apparatus as detailed in Figure 1 and in stage 2, a purpose built improved version of the apparatus as shown 
in Figure 2. 
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3 TESTING: PHASE 1 
Phase 1 of testing applied a rudimentary apparatus that despite yielding acceptable results was found to 
limit efficiency in filtering the majority of the turbid water. Figure 1 shows the empty cylinder whereby the 
geotextile was placed in the bottom of the cylinder supported by steel mesh with no effective ability to seal 
the edges of the material. Without this seal suspended particles were able to avoid the filter by flowing 
around it and subsequently lowered reduction rates.  Despite this, reductions in the range of up to 30-45% 
were observed for a single layer of nonwoven geotextile.  
 
When coupled with sand and or recycled crushed glass the removal efficiency increased and ranged up to 
50-70% during excessive turbidity levels ranging from 370-440 NTU.  This suggested that the majority of 
suspended solids were being captured by the nonwoven geotextiles confirming the ability of nonwoven 
geotextiles in protecting sand filters.  These initial test results identified two nonwoven geotextiles as ideal 
candidates for further testing with adequate sealing for a better indication of their removal efficiencies. 
4 TESTING: PHASE 2 
This initial testing lead to the design and construction of a secondary apparatus to be fixed to an existing 
testing rig. The new design consisted of three separate chambers which utilized flanges to allow the inser-
tion of filter media. These chambers were water sealed using a neoprene O-ring which was used between 
the flanges to seal the apparatus.   
 
The design of the apparatus also allowed filter media such as glass beads and river sand to be installed in 
the middle chamber which rested on a support mesh between the flanges of the bottom and middle cham-
bers. The geotextile could be installed similarly between the flanges of the top and middle chambers. For 
the series of testing discussed in this report this geotextile was applied between the flanges of the bottom 
and middle chambers as detailed in Figure 2. 
5 APPARATUS SETUP 
Before each test the apparatus was thoroughly cleaned and dried. The geotextile was then cut to size and 
saturated to remove air bubbles. The number of layers defined the thickness of the neoprene seal which was 
also cut to size. Water was then added to the base (bottom) chamber and the cylinder was sealed and 
clamped using 8 butterfly screws. Once sealed the cylinder was filled with the premixed turbid water from 
the reservoir and fixed to the Testing Module. 
Figure 2 Initial Testing Apparatus Figure 1 Three Chamber Apparatus
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6 TESTING SETUP 
Two submerged pumps were used to circulate and lift the turbid water to an elevated reservoir. The 
elevated reservoir provided 1.5 meters of constant head which was then connected into the top chamber of 
the apparatus whereby turbid water entered. Stand tubes were connected above and below the flanges which 
allowed the head loss across the filter media to be measured. Additional connections were also installed 
below each flange to allow the reading of turbidity levels to accurately measure turbidity losses. 
The turbidity meter was connected to a laptop which allowed for automated recordings every 15 seconds 
of the outlet turbidity levels.  The inlet turbidity levels were extracted via a tap installed in the upper cham-
ber above the geotextile layers every 15 minutes. The arrangement of the apparatus connected to the testing 
module can be seen in Figure 3. 
 
7 SIMULATING FLOOD WATER AND TESTING ISSUES 
Air pockets within the geotextile were found to impede flow and were therefore removed through satu-
ration prior to installation into the testing cylinder. Excessive pressure was also occurring during the filling 
of the cylinder and was resolved through the installation of an air valve on the top chamber as shown in 
Figure 2. The air valve was opened during the filling of the cylinder and closed once all possible air was 
removed. 
 
Another issue found was flow regulation which was controlled through the use of a valve on the line to 
the turbidity meter as shown in Figure 3. The flow was set in order to achieve a filtration rate of 0.7m/hr., 
since typical roughing filtration rates are in the order of 0.7 to 1.5 m/hr. 
 
To replicate the turbid water found during flood events, samples of deposits were taken from the banks 
of the Brisbane River after the 2013 flood event. This sample was then mixed in the 60L storage tank with 
tap water. It was found that larger suspended materials settled over time and subsequently lowered turbidity 
levels. To overcome this issue 45 minutes of mixing time was found to balance out levels to an acceptable 
minimum loss rate. 
 
During initial testing of the cylinder it was found to leak through the bolt holes which was overcome by 
the addition of rubber washers. 
 
Figure 3 Phase 2 Apparatus Testing Module 
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8 TESTING CONFIGURATIONS AND RESULTS 
The initial testing configurations were not only aimed at determining the removal efficiencies of a sin-
gular layer but also identifying the most efficient number of layers based on a unit cost per layer. The 
configuration adopted incorporated 1 through to 5 layers of nonwoven geotextile placed in the bottom 
chamber of the testing apparatus.   
 
Tests were then performed over a range of turbidity levels where the reduction percentage and head loss 
were key factors in determining the most efficient nonwoven geotextile being the 1701 as can be seen from 
Table 1.   
 
Table 1 Test Results 
 
Initially three layers of the A75 and 1701 were tested where the A75 exhibited higher head losses and a 
lower turbidity reduction compared to the 1701 and therefore further testing was discontinued. A recycled 
fibre nonwoven geotextile being the R1204 was also tested with a single and then a double layer and it too 
exhibited a higher head loss and lower removal efficiency than the 1701.  Further tests were then carried 
out on the 1701 nonwoven geotextile adopting 1, 3 and 5 layered configurations with turbidity in a low, 
medium and high range.  The low range was considered to be 50-100NTU, medium range was 250-350NTU 
and the high range was considered to be anything above 500NTU.  
 
Also as suggested by Faure et.al (2006) the increase in head loss indicates there is an accumulation of 
particles within the randomised piping network of the nonwoven geotextiles.  This accumulation is creating 
a restriction within the piping network which in turn would increase the removal efficiency. The accumu-
lation of particles was visually confirmed after inspecting the geotextile filter at the completion of testing 
and can be seen in Figure 4.  If the filter runtime was extended to a more realistic 12-24 hours it is highly 
probable that the turbidity reduction curve would follow a similar pattern to an exponential curve as the 
geotextile tends to clog. 
 
The output of the turbidity meter readings was graphed for all configurations and a comparison of the 
turbidity ranges was made and presented in the following graphs.  The trend lines would suggest that the 
geotextiles ability to reduce turbidity is diminishing over time however this is not entirely accurate.  This 
is largely due to the initial turbidity levels of the raw water source experiencing high fluctuations which in 
turn gave varying readings of turbidity reductions.  In fact the majority of the curves appear to plateau after 
an hour of runtime.  It’s also clear that the 2.5 hr. testing period is not sufficient for an indicative trend 
however there are significant reductions in turbidity occurring within the 2.5hr period.  It’s also clear that 
the accumulation of particles within the filter is occurring at a steady rate as is indicated by the steady 
increase in head loss. 
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 1701 5 2.5        
2 1701 1 2.5 300.8 165.9   44.8   3 
3 1701 3 2.5 321.1 130.4   59.4   7 
4 1701 4 2.5 279.6 114.5   59.1   6 
5 R1204  1 2.5 313.3 187.5   40.1 12 
6 R1204  2 2.5 268.9 137.7   48.8   6 
7 A75 3 0.5 288.5 135.8   52.9 11 
8 1701 1 2.5   67.1   31.1   53.6   1 
9 1701 3 2.5   87.6   37.3   57.4   2 
10 1701 5 2.5   83.2   36.8 558.0   3 
11 1701 5 2.5 303.1   98.1   67.6   4 
12 1701 3 2.5 315.5 140.5   55.5   4 
13 1701 1 2.5 659.2 475.4   27.9   6 
14 1701 5 2.5 770.2 303.1   60.7   7 
15 1701 3 2.5 728.9 394.6   45.9   4 
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Figure 4 Entrapped particles within the 1701 filter. 
Figure 5 Turbidity reductions and head losses over test period for single layer of 1701. 
Figure 6 Turbidity reductions and head losses over test period for three layers of 1701. 
Figure 7 Turbidity reductions and head losses over test period for five layers of 1701. 
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9 EFFICIENCY PREDICTION MODEL 
A model was developed using regression analysis to demonstrate how one can predict the expected 
efficiency of the 1701 based on the data that can be controlled.  The red bordered rows in Table 1 indicate 
the data set used to perform the regression analysis.  The results for these test runs were adopted due to 
their comparability in having a similar inlet turbidity of approximately 300 NTU.  The following 3D graph 
in Figure 8 is the result of the following analysis. 
9.1 General Model: 
X-Axis = No. of Layers being used.  
Y-Axis = Unit Cost per Layer 
Z-Axis = % Reduction 
 
݂ሺݔ, ݕሻ ൌ ܽ ൅ ܾݔଶ ൅ ܿ    (1)     
 
Coefficients with 95% confidence bounds: 
a ൌ 41.48 
b ൌ 0.402 
c ൌ 3.119 
 
Goodness of Fit: 
Rଶ ൌ 0.986 
Figure 8 3D Graph of Regression Analysis. 
  
Based on the modelling it would appear that the most cost effective number of layers is a single layer 
where on average the cost of a single layer would achieve a 45% reduction in turbidity. 
 
When more layers are utilised there is an increase in the overall reduction however this comes at a 
reduction in percent reduction per unit cost. This reduces to 13.5% per unit cost when utilising 5 layers. 
The simplicity of the regression model allows for the inclusion of the actual cost as well as other predictors 
such as porosity, permeability and pore opening size for a more conclusive evaluation. The model can quite 
easily be extended to other geotextiles assuming that a similar degree of testing and data is collected for 
those geotextiles by which comparisons can be made. 
10 CONCLUSIONS 
This investigation into the viability of using geosynthetics in pre-treatment applications has yielded 
promising results. The geotextiles tested have shown that turbidity reductions can be quite significant. Test-
ing carried out in Phase 1 produced significant reductions when coupled with sand or crushed glass and 
results indicated that the geotextile layer was responsible for the majority of the reduction in turbidity. 
 
This is an indication that geotextiles have the capacity to not only protect SSF and roughing filters but 
also the potential to further improve their removal efficiencies.  However as the geotextile was ineffectively 
sealed during phase 1of tests allowing flow around the geotextile filter it was apparent that the test results 
were inaccurate.  This prompted the design and construction of a new testing apparatus for which the better 
performing geotextiles of the Phase 1 series of tests could be performed in a second phase of testing.   
 
The second phase of testing was carried out with the objective of determining the most effective geotex-
tile of the geotextiles sourced for water treatment application based on the removal efficiencies and head 
losses.  As is indicated in the results of the second phase round of tests conducted with the improved appa-
ratus, the 1701 was the best performing geotextile with the highest percent reduction of turbidity and lowest 
head losses experienced.     
 
The determination of the most efficient setup using the 1701 non-woven geotextile for reducing turbidity 
in water treatment plants can be achieved via the use of an efficiency model and as a result the most cost 
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effective solution when adopting the 1701 geotextile can be realised.  The model uses regression analysis 
and therefore can be adapted to other geosynthetics assuming that a similar degree of testing is performed. 
 
While these results were promising, this study recommends that there is further testing required to as-
certain its accurate potential in water treatment applications. Further testing under similar conditions with 
the addition of granular filtration is recommended in conjunction with extended testing periods. The recy-
clability of the Geosynthetics ability to sustain acceptable filtration rates is also worth investigating to fur-
ther provide accurate economically sustainable statistics. 
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